Temperature dependent pulsed and ramped substrate bias measurements are used to develop a detailed understanding of the vertical carrier transport in the buffer layers in a carbon doped GaN power heterojunction field effect transistor. Carbon doped GaN and multiple layers of AlGaN alloy are used in these devices to deliver an insulating and strain relieved buffer with high breakdown voltage capability. However, understanding of the detailed physical mechanism for its operation is still lacking. At the lowest electric fields (< 10MV/m), charge redistribution within the C doped layer is shown to occur by hole conduction in the valence band with activation energy 0.86eV. At higher fields, leakage between the two-dimensional electron gas and the buffer dominates occurring by a Poole-Frenkel mechanism with activation energy ~0.65eV, presumably along threading dislocations.
On receipt of your message the Open Access Team will immediately investigate your claim, make an initial judgement of the validity of the claim and, where appropriate, withdraw the item in question from public view. However there remain challenges associated with the control of device leakage and in particular current-collapse (CC) or dynamic on-resistance 1 . CC is a result of slow, reversible, negative charge storage during the OFF state of the switching transistor affecting the ON state conduction. Power GaN HFETs are grown on silicon substrates of 6" or 8" diameter, therefore epitaxial growth requires strain relief layers, typically graded or superlattice AlGaN based, to control wafer bow resulting from lattice and thermal expansion mismatch. On top of these layers, a semi-insulating GaN layer is required before the final AlGaN barrier layer which induces the active two dimensional electron gas (2DEG). In this paper, we analyze the impact of carbon doping of the GaN on transport mechanisms. Carbon results in the Fermi level being pinned about 0.9eV above the valence band 2, 3 and is the most commonly used dopant for GaN power devices delivering excellent control of leakage with high breakdown voltage, but can also be associated with CC 1, 4 . Device modelling has predicted that this C doping would result in a floating weakly p-type layer, with dramatic CC far exceeding what is normally measured
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. Using substrate biased measurements, it has recently been shown that a bandto-band leakage path, presumably via trap-assisted-tunneling (TAT) along threading dislocations, can transport electrons from the floating C-doped buffer to the two dimensional electron gas (2DEG) largely suppressing the current-collapse 6, 7 . However the detailed mechanism of the charge transport in this buffer is lacking. Here we develop a detailed physical understanding of the different transport mechanisms within the buffer of a C-doped GaN power HFET, show how those mechanisms affect the ability of the buffer to store charge, and relate those mechanisms to the susceptibility of the transistors to CC.
Ungated Ohmic structures fabricated using a GaN HFET process targeted at 600V operation were studied. Two different epitaxial layer structures were considered consisting of GaN capped AlGaN To gain insight into the transport in the C-doped GaN buffer layer, the change in conductivity of the 2DEG in the contact gaps was used to monitor changes in the vertical electric field in the buffer below the 2DEG. Changes in the conductivity can then be used to quantify bulk charge storage and trapping. The key advantage of this approach, 9, 6, 10, 11 is that surface effects and trapping are excluded, allowing unambiguous measurement of buffer trapping alone. Only negative substrate bias, V SUB , is considered here since this corresponds to the polarity experienced by a transistor under OFF state conditions. The time dependence of the 2DEG conductivity was measured following the application of a substrate bias as a function of temperature.
At the lowest voltages, an average field of <10MV/m, a small negative going conductivity transient of magnitude up to a few % was observed as can be seen in Fig. 1 , whereas at larger voltage this was overlaid by a positive going transient of magnitude up to about 30% as illustrated in at low fields which decreased with increasing vertical electric field at the same rate in both wafers.
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To help understand this behavior and demonstrate that the apparent decrease in activation energy with increasing bias for the positive transient was in fact due to a transition between two conduction mechanisms, complementary measurements were undertaken by ramping the substrate bias. Varying the ramprate generates a capacitive displacement current which allows vertical demonstrating strongly temperature dependent non-Ohmic conduction. In the wafers measured here, there was only a small variation in the normalized change in current as the contact gap was increased. This implied that lateral conduction in the layers on a length scale of microns was insignificant compared to vertical conduction (in contrast to the sample discussed in Ref. 6 ). 
where ε is the dielectric constant, and φ B the trap energy 16 . The electric field E was estimated assuming a uniform field between the 2DEG and the Si substrate which will overestimate the field as a result of the accumulation of charge within the GaN during the ramp. In summary, temperature and substrate bias dependent measurements have been undertaken to determine the vertical transport mechanisms in the epitaxy used for a power GaN HFET. In the bias regime well below breakdown, it is found that a complex vertical transport process is operative. At low fields, the C-doped GaN layer is effectively isolated from the 2DEG and hole conduction and charge redistribution has been observed with an activation energy of 0.86eV consistent with the carbon acceptor level. However the most important contribution to the transport arises from non-Ohmic conduction presumably along threading dislocations at fields above 10MV/m. In the GaN, holes originating in the 2DEG flow into the GaN buffer by a Poole-Frenkel mechanism with activation energy ~0.65eV. This stored positive charge reduces the field under the drain and reduces susceptibility to current-collapse. At fields >40MV/m the strain relief buffer starts to conduct by a field driven process, limiting the positive charge which can be stored in the C-doped buffer.
